Antigens were prepared from Mycoplasma gallisepticum in the logarithmic phase of growth and were treated with 2, 5, and 10% Formalin by slow diffusion through a dialysis sac. Chicken erythrocytes were similarly treated with 20% Formalin. Formalin-treated antigens hemagglutinated fresh and formalinized chicken erythrocytes. The antigens retained this hemagglutinating ability over an extended period. Lyophilized M. gallisepticum prepared from 1 ml of broth was seeded into 5 ml of medium. The culture was incubated at 37 C until a Giemsa-stained preparation revealed large numbers of organisms (48 to 96 hr). Increasingly larger quantities of medium were inoculated with a 10% inoculum until, finally, 6-liter flasks (each containing 4 liters of medium plus 400 ml of horse serum) were inoculated with 400 ml of seed. All flasks were agitated throughout incubation on a shaking apparatus oscillating in a horizontal plane approximately 120 times per minute. This procedure was adopted originally because it provided reproducible results for antigen preparation. The titer usually reached 109 organisms per milliliter during 24 hr of incubation. After incubation, the cultures were stained with Giemsa stain and subcultured on PPLO Agar (Difco) supplemented with 1% yeast autolysate and 15% horse serum. The organisms were harvested by centrifugation at 27,000 to 30,000 X g at 6 to 10 C in a Sorvall RC-2 refrigerated centrifuge, equipped with a "Szent-Gyorgyi and Blum"' continuous-flow system and an SS-34 super-speed rotor. Rate of flow through the system was approximately 30 to 40 ml/min.
Preservation of the hemagglutinating and agglutinating ability of Mycoplasma gallisepticum has presented some difficulties (e.g., in storage). Until recently, most Lyophilized M. gallisepticum prepared from 1 ml of broth was seeded into 5 ml of medium. The culture was incubated at 37 C until a Giemsa-stained preparation revealed large numbers of organisms (48 to 96 hr). Increasingly larger quantities of medium were inoculated with a 10% inoculum until, finally, 6-liter flasks (each containing 4 liters of medium plus 400 ml of horse serum) were inoculated with 400 ml of seed. All flasks were agitated throughout incubation on a shaking apparatus oscillating in a horizontal plane approximately 120 times per minute. This procedure was adopted originally because it provided reproducible results for antigen preparation. The titer usually reached 109 organisms per milliliter during 24 hr of incubation. After incubation, the cultures were stained with Giemsa stain and subcultured on PPLO Agar (Difco) supplemented with 1% yeast autolysate and 15% horse serum. The organisms were harvested by centrifugation at 27,000 to 30,000 X g at 6 to 10 C in a Sorvall RC-2 refrigerated centrifuge, equipped with a "Szent-Gyorgyi and Blum"' continuous-flow system and an SS-34 super-speed rotor. Rate of flow through the system was approximately 30 to 40 ml/min.
The sedimented Mycoplasma cells were resuspended in 0.066 M Sorensen's phosphate buffer diluted 1:10 in 0.85% NaCl. Thimerosal was added to a final concentration of 1:10,000. The final pH of the buffersaline diluent approximated 6.3.
Standardization was accomplished with a Bausch & Lomb Spectronic-20 colorimeter. The density was adjusted to a concentration at which a 1:10 dilution of the organisms in the buffer-saline diluent at a wavelength of 650 m,u had an optical density of 0.25 (equal to 56% transmittance). This product will be referred to as "standard" or "untreated" antigen.
An additional portion of antigen was suspended in 50% neutral glycerol and stored at -40 C for comparative HA and HI trials.
Formaldehyde treatment of erythrocytes. The procedure used was essentially that of Csizmas (5) Experiment 2. Trials similar to those described above were repeated 1 month after formalinization of antigens and RBC. To approximate replication of the first experiment, the same antiserum was used as in trial 1. Representative results are in Table 2 . There appeared to be a slight general lowering of both HA and HI titers, which may or may not be significant, since the results are within one doubling dilution. To determine whether the antigens had retained their sensitivity, direct-plate, tube, and antiglobulin tests were conducted with the formalinized and thimerosal-preserved antigens (Table 3) . No reduction of readibility of the tests was observed with the formalinized reagents (up to 5% formalinization), and the end points closely approximated those obtained with the standard antigen. An exception was the 10%-formalinized antigen, which rendered the reactions granular. Table 4 compares hemagglutination titers of various antigens on formalinized chicken RBC and fresh chicken and turkey RBC. Experiment 3. Experiments 1 and 2 were repeated with the different antigens and erythrocytes 3 months after storage. No data are presented, since formaldehyde-treated RBC were found to be unsatisfactory because of spontaneous agglutination. Accordingly, a new RBC sample was formalinized, but this also proved to be selfagglutinating. The addition of 1% normal rabbit serum (7, 8) to the RBC diluent in the HA procedure temporarily prevented spontaneous ag- glutination, but it developed upon storage. A recent observation has indicated that lyophilization of the formalinized RBC may help prevent self-agglutination. Although this observation was not extended, it may prove to be of value to those working in this field.
DIscussIoN
Formalinized M. gallisepticum antigens prepared from the logarithmic phase of growth usually retain their capacity to hemagglutinate chicken erythrocytes. In these studies, M. gallisepticum antigens and chicken erythrocytes were formalinized by a slow diffusion of Formalin through a dialysis sac.
Hemagglutination of chicken erythrocytes occurred with antigens treated with 2, 5, and 10% Formalin by volume. In addition, similar HA end points were obtained regardless of whether fresh or formalinized chicken erythrocytes were used. To our knowledge, HA and HI end points have not been reported in studies of M. gallisepticum in which formalinized antigens and erythrocytes were used.
Except for the 10%-formalinized product, all MG antigens were satisfactory for HA, HI, directplate, tube, and antiglobulin studies. Storage of these antigens at 4 C for 1 month did not impair their effectiveness in these procedures, and formalinized antigens still retained activity for 7 months, the longest period tested, whereas a thimerosal-preserved (standard) antigen was unsatisfactory for HA purposes. Washing of this standard antigen restored its HA activity, possibly owing to removal of eluted substances. It has been our experience that Formalin treatment tends to protect the antigenicity of M. gallisepticum against adverse environmental conditions and may account for this antigen stability.
Because of possible decomposition during storage, a great deal of difficulty has been experienced in maintaining viable products for various antigenic purposes. A formalinized product useful in all procedures may help overcome this difficulty. It should be pointed out, however, that on occasion Formalin treatment of the antigen may adversely affect HA but not its agglutinating ability. The possible reasons for this behavior are obscure.
In view of the results presented here and elsewhere (3), the conclusion is inescapable that live M. gallisepticum cells are not required for satisfactory HA activity, since treatment with 10% Formalin still produces acceptable results. Besides HA activity on freshly prepared chicken erythrocytes, a formalinized M. gallisepticum antigen gives reproducible results on formalinized RBC.
Formalinized erythrocytes have been used for many purposes, such as in diagnostic virology (4, 6, 8) , to detect antibodies against coupled protein (7) , and in other procedures. In our studies, the major difficulty encountered with formalinized erythrocytes has been spontaneous hemagglutination, a problem reported by other investigators (7, 8) . This has been presumed attributable to traces of free formaldehyde (6) . The addition of normal rabbit serum (6) prevented self-hemagglutination in some instances, but not all.
